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GEOLOGY AND OCCURRENCE OF GRAPHITE
AT THE CRYSTAL

GRA?HITE

NEAR DILLON,

MINE

NIONTANA

By

Charles K. W. Hum

mTRODWTION

lAs a partial fulfillmen.t of the requirements for
, a degree of Bachelor of Science in Geological E!ngineering from the Montana School of Mines a geological problem is undertaken and submitted to the Department of
Geology as a thesis.
Although

listed as a "critioal" rather than a

Ustrategic" mineral, graphite has assumed considerable
importance in the war production plans in the past year.
This is pointed out in some data obtained from the 1940
issue of II'TheMineral Industry" in which the total import of graphite into the United States was 31,328 short
tons, chiefly from Madagascar, Ceylon, Chosen, and Mexico,
as compared to exports of 1,632 short tons.
With this in mind and with the approval of Dr. E. S.
Perry, Chairman of the Department of Geology, a study
of the geology end occurrence of graphite in the Crystar
Graphite Mine near Dillon, Montana, was undertaken.
This thesis contains the results of the survey of the

.

deposit and the laboratory investigation conducted at
the Montana School of Mines.
The field work was done in October 1942 and involved
two trip~

v

;he mine and the oollection of samples in

-2-

the underground workings and surface outcrops of the
surrounding country-rocks.

Geological reconnaissance

in the area of the deposit was made under adver;e conditions of snow and fog.
Mapping was done by means of a Brunton compass,
sight alidade, and plane table.
by pacing.

Distances were measured

Through the generosity of the operators,

copies of claim and mine-workings maps were obtained.
Pictures and notes of the area surveyed were also trucen.
The laboratory work consisted of the preparation
and study of thin sections from samples collected for
the purpose of ascertaining the parag~tic

relationship

of the original minerals in the rock and the result of
the alteration of these rock-forming minerals.
The problem to be considered embraces the mineralogy
and the mode of formation of a very pure and vein-like
deposit of crystalline graphite.

This deposit is of

more than ordinary interest because in its geological
relations and in the character of its graphite it shows
many similarities to the famous deposits of Ceylon,
Previous work on this property was done by Mr. JA.
N. Winchell* and Mr. E. S. Bastin* during 1911.

* See Bibliography.
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GRAPHITE
Kinds of Graphite·
Graphite is one of the fOl~S under which carbon
occurs in nature.

It is chemically identical with

diamond, being both crystallized allotropic forms of
carbon.
Strictly speaking, all graphite is crystalline,
but grades in which the individual grains can not be
distinguished with the naked eye are commercially
classed as amorphous.

Classification as to "amo rphous "

or "crystalline" is based largely upon trade practice.
Crystalline graphite is sub-divided in (1) flake,
(2) lump or vein (plumbago), and (3) dust.

In com-

mercial practice, however, dust is considered about
the same as amorphous and has the same uses.
Mineralogy and Characteristics
Graphite is a soft mineral (n-l to 2) with a met~
lio or sometimes dull earthy luster.

Its specific

,

gravity is 2.2.
gray.

The color ranges from black to steel

The structure is commonly foliated masses.

It

is chemically inert and therefore not attacked by acids
or alkalies and is also infusible but may burn to C02
at high temperatures.
~ e diagnostio features of graphite are its color,
foliated nature, softness (1 to 2 on Moh's scale), its

-4-

slick feel when rubbed between the fingers and the
ease with which it readily marks paper and soils the
hand.
The only other mineral easily mrs t aken+. for
graphite is molybdenite which has nearly the same
features.

However, it is distinguished by having a

blue tone to its color, a higher specific gravity
(4.75), and its solubility in hot nitrio acid.
Uses
In 1938 reports from the United states Bureau of'
Mines-* indicated that approximately 30 percent of' the
totel graphite consumption was devoted to foundry
f'acings, core washes, and similar uses.
cent was consumed in dry batteries.

About 30 per-

Crucibles, lubri-

cants, and pencils consumed about 10 percent each.
Three percent was consumed in paints and stove polishes,
one percent in commutator brushes, and the remainder in
a large number of miscellaneous products and prooesses.
In foundry work graphite is used to prevent the
sticking of sand particles from the sand mold to the
metal, when cast.

The surface of the sand is generally

given a facing of graphite.

The grade which may be

used ranges from im~ure to high-quality flake.

*Tyler,

P. M. and Harness, C. L.:

Marketing Graphite.

U. S. Bur. Mines Inf. Cir. 7177, 1941.
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The fair thermal conductance and high melting point
of graphite qualify it .ro r a number of refJidctoryuses,
the most important of which is the manufacture 'of
crucibles for melting steel and nonferrous metals.

For

this pUrpose 40-50 percent Madagascar flake or crystalline graphite is mixed,with ref~ctory clay and grog
(burnt clay, silcon carbide, etc.).
X-ray data indicate that graphite crystals are bui+t
up of innumerable tiny hexagonal plates that slide easily
over one another if a small shearing force is applied.
This property makes graphite seem greasy when rubbed between the fingers and explains its lubricating qualities.
All varieties of graphite have been used in lubricating
compounds.

Obviously requirements are high purity and

freedom from grit,
The softness and lustrous black color of graphite
make it an ideal constituent in pencil leads, and, in
fact, its name is derived from a Greek word meaning "to
write".

The usual formula calls for 50 or less percent

graphite, mixed with clay, and perhaps small percentages
of stibnite and tallow or lampblack.
Graphite is mixed with manganese dioxide in dry
batteries to lower internal cell resistance.

Crystal-

line flake, natural amorphous, and artificial amorphous
grades have been used.
Because of its inertness and opacity graphite may
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be employed in paints for the protection of bridges,
smoke stacks, tanks, and other exposed surfaces.
The above uses acoount for the largest portion
of graphite oonsumption,
Ooourrenoe and Produotion
Foreign:
The world's largest souroes of graphite are in
oentral Europe, but the material is mostly too low
grade for export overseas.

This takes in the area

of U. S. 8. R., Bavaria, Moravia, and Austria.
Graphi te ocours in almost every oountry in the world
from Greenland to South Afrioa.

The imports from

,.

Chosen, Ceylon, Madagasoar, and Mexioo oonstitute
our prinoipal supply.
United States:
Graphite is distributed widely in the United
States.

Virtually every State in the Union that oon-

tains metamorphio

rooks has reported the oocurrenoe of

graphite, and attempts have been made at one time or
another to mine the most promising deposits.

However,

in reoent years, the produotion of orystalline graphite
in the United States has been insignifioant, and the
output of natural amorphous graphite has been confined
to a few hundred tons annually.
The princlpa~ produoing states are New York,
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Alabama, Nevada, and efforts are being made to revive the
production

in California, Georgia, Montana, Texas,

Virginia, and perhaps other states.

HISTORY AND ORGANIZATION OF THE PROPERTY
bout the year 1899 a deposit of graphite was discovered by Mr. Robbins, a prospector,
canyon, 18 miles southeast of Dillon.

in Van Camp's
When it proved ~

not to be a lead mineral the deposit was forgotten.

It

was not until January, 1901, that a company was formed
by Mr. Pearl I. Smith to systematically develop the property.

This company, known as the C'rystal Graphite

Company, put a number of men to work on the group of
claims, known as Last Chance, Homestru~e, Bird's Nest,
Mayflower, Eureka, Faithful, Lucky Boy, and the Ground
Hog.

On this last claim was erected the camp site with

a few cabins and a cook-shack.

In 1903 tIT. Smith leased

the property to the Copper Cliff Mining Company of Chicago which operated for a year.

From 1904 to 1917 not

much work was done to improve the mine.

From 1917 to

1920 the price of graphite soared, and under ~IT. Smith's
management

the mine produced graphite which was sent to

eastern markets.

Between 1920 and 1930 only yearly

assessment work was performed to protect the mine and
c1 ims.

In 1930 explorative work was again started.

-8-

However, the program was dealt a heavy blow when Mr.
Smith passed away in 1937.

In the summer of 1938

the property was surveyed for patent and patent was
issued on the Ground Hog Claim in the name of Mr.
Ralph Smith, son of Mr. Pearl I. Smith.

Dur i.ng 1941

Mr. R. Smith leased the property to Mr. Abbot Pond
who later assigned the lease to the present operators.
At the time of the writing of this report the property was being operated in the name of the Crystal
Graphite Mining C'ompany under the management of Mr.
Reibhoff.
At the present, development work is being conducted at the mine where nine men are ~mployed,
~rk

The

consists of driving an a~dit 250 ·feet below the

old workings

ana

putting the mine in eondition for

operation.
Building of a new road to the mine has been authorized by the Government at the expense of '$12,000.

All

indications point toward the start of construction as
soon as the weather permits.

GEOGRAPHY
Location and ,Accessibility
The principal workings on the gr~hite

property

are about 9 miles southeast of Dillon at the south-

-9-

west end of the Ruby Range.

They occupy what is

known as Crown Point at an approximate elevation of
8,300 feet (Dillon quadrangle topographic sheet 'of the

U. S. G. S.) on the ridge between Van Camp canyon and
Timber Gulch.
These deposits are reached from Dillon, which 'is
on the Oregon Short Line railroad, by a drive of about
13.5 miles to the southeast over a gravel and dirt

road; the last three-mile stretoh rises approximately
1,000 feet across steep terrain.

Drainage and Relief
The maximum relief of the area is about 3200 feet.
Crown Point, not far from the mine', has an elevation
of 8,000 feet, and Dillon lying in the valley o.f the
Beaverhead River has an elevation of about 5,100 feet.
The graphite deposits are 8,050 feet above sea level.
The mountains rise abruptly from the stream valley to
the plateau level of the Ruby Range.

The range has

but a few inaccessible s~ots, although it is well
dissected by streams.
Drainage in the graphite-bearing
the v~estern slope of the mountains,
Deer Creek.

area is down

into Blaoktail

Near Dillon Blacl<:tailDeer Creek joins

Beaverhead River, which in turn empties into the
Jefferson River.

Consequent drainage is finally inthe

to the Gulf of !exico through~Missouri

and Mississippi

Plate II
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Jefferson River joins the Gallatin and

Madison Rivers northeast at Three Forks, Montan , to
form the Ussouri
graphite-bearing

River.

Most of the streams in,the

area are intermittent except Axis

and Timber Creeks.

Climate and Vegetation
The area is high and semi-arid, with an average
annual precipitation

of from ten to fifteen inches.

The maximum and minimum temperatures are about ninety
degrees and minus thirty degrees respectively; however, the below-zero temperature is dry and generally
calm and the summer evenings are cool. ' Annual mean
temperature

is 43.6 degrees.

As stated, altitude of

the region is about a mile above sea level.
The area in general is covez-ed with hardy grasses,
sagebrush, red fir, spruc e, and pine.

The sagebrush

is usually dense on the northern slopes .of the canyons,
whereas the southern slopes are generally covered with
fir, spruce, and pine.

.A.lorig
the bottom of the canyons

where water is more plentiful poplars and willows are
found.
seen.

t the camp-site only grass and sagebrush a're
Timber for the mine is cut from the fir and

pine in Van Camp Canyon and then dragged 2,500 feet
over a trail to the mine where it is cut to size.
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In general the rocks in the vicinity of the
,

graphite deposit are schist and gneiss of pre-Cambrian
age, however, cutting the metamorphic complex are dikes
and irregular igneous masses.

Of particular interest

are pegmatite dikes with which are associated the
graphite deposit.

About one-quarter mile west of the

deposit massive beds of pre-Cambrian dolomitic limestone lie interbedded with schist and gneiss. Paleozoic sediments are present about eight to twelve
miles from the graphite deposit.

Lake deposits and

alluvium lie in the major valleys.
SEDIMENTARY ROCKS

Within the area of the graphite deposit there
is a complete lack of unmetamorphosed
rocks.

sedimentary

At least none have been fourrl to date, and the

topography and areal geology indicate that the chance
of there being any near the surface, is indeed roo.ote.
There may have been sedimentary rocks here in the
geologic past but they are now altered by intense nretamorphism or absent due to erosion.
However, sedimentary rocks of Paleozoic age are
found across Blacktail Valley roughly 8 miles to the
south and further north along the Ruby Range, 14 miles
away, the same series is again exposed.

Plate III
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METAMORPHIC ROCKS
Metamorphic

rocks comprise the only rocks in

the immediat e vic inity of the graphite deposit with
the exception of igneous intrusions, and it is believed by the writer that they constitute the Cherry
Creek series of Montana.

This group of rocks is to

be correIa ted with the sane series which is widely
distributed throughout southwestern Montana.

The

geologic age of the Cherry Creek is not definitely
known; it is much older than the Belt series of late
Proterozoic
Proterozoic)

age, and it may be either Huronian (early
or Archean in age.

The type Cherry Creek section, which is exposed
on Cherry Creek in the Gravelly Range, about sixteen
miles southeast of Ennis, MOntana, is an intensely
folded series consisting of interbedded feldspar
gneiss, quartz mica schist, garnetiferous gneisses
and schists, crystalline limestone, quartzite, and
hornblende biotite schist.
Due to deep burial

t ha t

rerulted in high pres-

sures and intense compressive forces the primary
·characters of the rocks have been sO.altered that it
is difficult to ascertain whether they were originally
sedimentary or igneous.

However, the presence

0

f

thick bodies of marble interbedded with the metamorphic

-13rocks, their high degree of banding with the bands of
widely different characteristics, and the presence or
highly siliceous gneisses point toward a sedimentary
origin.
The average strike of the beds at the graphite
deposit lies between N. 450 E. and N. 600 E. with north~
westerly dips of from 300
p

to 60

0,

and they show numerous

minor faults.
The outstanding lithologiC units of this series
exposed in the,area of the deposit are the crystalline
limestones which form the western sl,opes of Van Camp
and Axes Oanyon, and the prominent outcrop just south
of the camp site.

A repetition of

t hf.s

limestone mem-

ber is believed to be due to faulting and folding.

It

is conspicuous because of its light reddish-brovm color
due to weathering and its peculiar velvety sheen.

On

a fresh surface it varies from a pure white or cream.to
a greenish-blue

color.

The absence of bedding is read-

ily noticed in this member of the seri·es. The thickness
of the limestone is from 500 to 750 feet.
~t the junction of the road leading up to the mine
and the one to the entrance of the adit, is seen a lens
of hornblende biotite schist about 75 feet thick.
greenish-black

This

rock is characterized by the shiny sur-

faces of the large hornblende crystaJLs

41

The weathered

surface shows only a very slight differen~e from a

PlATE IV

A.

Ii. pit fifty feet northeast

of the shaft showing

an exposure of graphite veins in the Cherry Creek
formtion.

B.

Looking southwest across Blacktail valley from the
Crystal Graphite Mine.

In the background are ex-

posures o~ Paleozoic rocks and in the foreground
~

the dump of the second level workings, and the

road from the camp-site to the mine workings.

O.

A view of the limestone member of the Cherry Creek
series looking northwest from the camp.

D.

a

view of the Ruby Range taken from Dillon, Montana.

The arrow indicates the location of Crown Point.

Plate

View$of

IV

A.

B.

c.

D.

outcrops

and terrain in the vicinity
Graphi te Deposit-.-

of the

-14fresh break of this rock.
Other striking members of this series when examined closely are the garnetiferous schists and gne~sses.
These are dark brown in color on a fresh surface and
assume a reddish-brown

tint on weathering.

The color

depends upon the relative proportions of garnet, feldspar, mica, and hornblende present.
range from microscopic

The garnet crystals

sizes up to diameters of one-half

inch in various beds of this member.

The outcrops of

this rock occur in scattered ridges north of the camp.
Close to the mine workings are found outcrops of
quartz-mica schist.
weathered surface.

They appear light gray on the
This rock is oomposed chiefly of

quartz and biotite with small amounts of hornblende and
feldspar.

Banding is well defined.

The lithologic units are exposed and believed to be
in the middle and lower divisions of the Cherry Creek
series.
Studies of the Pony end'Cherry Creek series are
being made by Jo n C. Rabbitt of rmrvard University
which will add much to the present knowledge regarding
thes e roc ks ,
IGNEJUS ROCKS
In general the only igneous rocks found in the
immedi te area are pegmatites and diabase dikes.

How-

ever about three and one-half miles to the east is an

-15intrusion of an ultr~~afic complex about four and onehalf miles long and a mile wide.

It trends N. 45~ E.

and apparently dips 200 to 30° northwest.
Dikes
Cutt Lng across the Cherry Creek rocks near the
deposit is a diabase dike of basic nature.
thirty feet wide and strikes N. 500 W.

It is

An excellent

exposure is seen near the mouth of Van Oamp Canyon
where it has cut the limestone mope,
to form a reddish brown tallus.

and has weathered

Although the dike

does not actually crop out along its strike with the
exception of the above exposure it can be readily traced
by the characteristic reddish brown soil of its weathering.

This dike was traced for a mile and could be seen

to extend further on.

This was the only dike, other

than pegmatite, found by the writer in the immediate
area.
Megascopically

the diabase is a dark green to gray-

ish-black holocryste.lline r-ock with a medium grain texture.

Microscopic

examination shows interlocking crystals

of plagioclase, augite, and n~gnetite.
is as 'follows:
Plagioolase---40%
ugite---------35% .
Magnetite-- ----25%

The composition

-16Pegmatites

An intrusive of graphite-bearing

pegmatite

is

seen to cut the Cherry Creek rocks in the underground
workings of the mine.

On the surface the pegmatite

not a very prominent feature.
it are seen.

is

Only a few outcrops of

The road going up to the mine cuts one

of these outcrops, and the others show up along the
strike of the pegmatite

eastward from the mine.

general trend is N. 500 E. to N. 650 E.
0

60

to 650 to the northwest.

The

Its dip is

From the way it is strik-

ing the pegmatite appears to be parallel to the structure
of the surrounding country rock, but its dip shows rather
the indiscriminate
series.

cutting through the qherry Creek

The surface outcrops do not shown enough to

determine

its width.

However, a rough estimate would be

eight to twelve feet.
Megascopically

the pegmatite is leucocratic.

In

some places it is composed of very coarse crystals and.
in others it shows a definite graphic texture.

The compo-

sition ranges from nearly all white, massive to glassy
quartz, to quartz and feldspar with some mica.
microscopic

Under

examination with crossed niools the feld-

spar is seen to be microcline

with its characteristic

"gridiron" or "plaid" pattern.

What little mica. is

present is

iotite.

The quartz shows an undulating

extinction between crossed nicols signifying straining.

-17Structural Geology
General Features
The graphite occurrence under discussion lies
in an uplifted block of gneiss and schist separated
from the Ruby Range by the broad Sweetwater Basin
which is at least fifteen miles wide.

The top ot this

block, which is fram 7,000 to 8,000 feet above sea
level, forms a high sage brush covered plateau with
little relief.
The structural geology of the gr-aphr te-bearing
area involves two rather widely different types:
(1) the structure of the schists and gneisses, and (2)
the relatively recent faulting.
Faulting and Folding
Folding in this general region of gneiss and
schist must have been very intense in pre-Cambrian
time to change the character or the original material
laid down into the present rock types found.

The

structural pattern was further complicated after preCambrian time by successive mountain-building

movements

Ln the late Mesozoic and the Cenozoie eras which imprinted the ir own structural pattern on these preexfst f.ng rocks.
The constancy of the northwest dips of the beds

-18-

between the mine and the mouth of Axes Canyon gives
a deceptive conception of the thickness of the Cherry
Greek series, for instead of one great northwestward
dipping series, the formations probably are repeated
again and again by folding and f~u+ting.

The follow-

ing sketch will illustrate wh~t is meant.

Fig.

Diagram illustrating probable s t ructure
in the metamorphic series.

On the surface, fault features are inconspiouous
in the rocks of the Cherry Creek, but in the underground workings numeroUs faults may be seen.

Most o~

these were formed after the graphite deposition for
they cut the graphite veinlets.

They oarry much gouge

but not graphite except a little that has been dragged
out fram the ve ins.
Geologic History *
s previously stated, the metamorphio rocks are
believed to be of sedimentary origin, which tells o~

* Information
Perry.

gathered from a discussion with Dr. E. S.
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ancient pre-Cambrian seas,

The intensity of meta-

morphism indioates deep burial.

The oocurrenoe of an

early period of pre-Cambrian mcurrtaf,nmaking is pz-oblematical, but following the intense metmrrorphism came
prolonged erosion which exposed the schists and gneisses
in pre-Cambrian

time.

Twenty to thirty miles north and

west of the graphite deposit several thousand feet of
upper Proterozoic sediments (the Belt series) were then
laid down on the metmmorphios, but it is not believed
that the Belt rocks were deposited southeast of Dillon.
Cambrian time began with most of Montana a land
surface, beoause lower Cambrian sediments are not found.
The middle part of the Cambri6.n per i od marks
the begin,
ning of the long pe riod of Paleozoio and Mesozoic sedinent at Lon which lasted at least to the end of the
Cretaoeous period.
The folding of this series of sediments inoluding
rocks of late Cretaoeous age tells of the Rocky Mountei n
period of orogeny.

It was followed by large scale blook

faulting in Tertiary time.
Igneous activity in the form of lava flows preoeded the mountain making, beoause andesitic lavas in
this portion of Montana are involved in the foldingJ
but most of the intrusive masses are believed to have
been introduoed after folding, because they cut the

PLATE V

A.

A close-up of Crown Point with the arrow indioating
the location of the Crystal Graphite Mine.

In the

"

foreground is the road leading from the camp to
the mine workings.

B.

A closer view of,the workings of the mine with the
dump of the first 1 evel seen in the foreground.

c.

JA view of the camp site as seen from Grown Point.

D.

The arrangement of the camp buildings.

Plate V

A.

B.

c.

D.

Views of the Crystal Grapbite Mine and Camp-site.

-20folds.

In t.he middle or latter par-t of the Tertiary

period lava again spread over r~ny areas.
The large intermontane valleys were sites of
extensive lakes in middle Tertiary time, and in these
Ia kes acoumulated

the thick masses of lake sediments

now exposed in the val.Levs ,

THE CRYST L GRAPHITE MINE

The main workings of this mine are all on the
patented Ground Hog claim with the exception of an
adit started on the Antelope Claim immediately routh
of the Ground Hog claim and extended northward beneath
the Ground Hog at a level of 280 feet below the
present workings.
mineralized

The operators hope to intersect the

zone of graphite in this adit, and then

connect the adit by a raise to the third level of the
Ground Hog workings.
Timber in the workings opened since the mine was
in production during World War 1 have rotted, and caving
of ground has resulted, thus making many portions of the
mine inaccessible.

The only portions visited were the

Brown, Thompson, Magee, and King stopes in which development work was proceeding.

However, of considerable

1mportan?e, is the fact that little timbering is necessary in the stopes, due to the firmness of the wall-
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rock.

This is especially true when hand-sorting in

the stope is practised; as this procedure furnishes
ample waste for filling.
The present operators are hand-sorting the
graphite and shipping it to industrial points in the
East in the form it is mined.

With the method of

mining used, hand-sorting is not difficult.

The stope

is cut in the waste of the hanging wall, and the graphite
is left on the foot-wall.

It is then scraped and dug

out of the vein, as far as can be reached by hand scappers
on sheets of canvas.

It is then dumped into sacks and

carried out of the mine.
To the best knowledge of'the writer graphite is the
only economic product produced from this mine.
General Character of the Graphite Deposit
In the main workings of the mine the graphite occurs

in or associated with a pegmatite dike which has intruded
the'Cherry Creek rocks, and also in a mineralized portion
of the country-rock adjacent to the intrusive.

The

mineralized zone including the pegmatite is from 100 to
125 feet wide.

The graphite is found chiefly in veins

and along faults fissures not parallel with the bedding
of the Cherry Creek rocks.

The bedding here strikes

about N. 500 E. and dips 550 NW., while the gre.phite
occurs in a fault vein which strikes N. 600 W. and dips

-22-

about 650 NW.

The graphite also occurs in veins and

faults'in several other positions.

Some of these veins

have been cut by faults which carry only a small ~ount
of graphite that apparently has been dragged from the
vein.

In the various stopes opened up it is seem that the
graphite is in irregular bunches, pockets, stringers~ and
vein-like masses.

These occurrences are similar to the

mode of deposition of vein-material

in zones where the

r-ocks have yielded to str-ess es, not by clean fracturing
but by irregular shearing.

In such places irregular

len tLeu La r mas ses call ed "kidneys" by 't he miners, which
may reach from eight to 18 inches in thickness and from
\

three to eight feet in diameter, are in evidence.
structure of the Graphite
The structure of the graphite is rather difficult
to describe and may be best understood by examination of
Plate IX •

Then broken between the fingers the graphite

separates into splinters which are roughly spear-head
shaped and from 1/4 to 1 inch in length.

From reports

on lIT. E. S. Bastin's investigations of the graphite
deposits in Ceylon and near Dillon, Montana, there is
much similarity between both deposits.

The differences

are noted particularly near the surface, where thin

Plate VIr
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films of iron oxide may occur along parting planes
between the graphite plates.

The graphite is a little

more softer than that from Ceylon· and grinds up mor-e
easily, and its luster is not quite so brilliant. How)

ever, in comparison it must be remembered that the
Orystal Graphite workings are much more shallow than
the Ceylon mines, and that surface alteration has produced certain changes which should be less noticeable
when greater depths have been reachedo
The Main Workings
The location of these workings .has been already
given.

They consist of a number of drifts, cross cuts~

stopes, and a winze which are shown in Plate VII.

The

outcrops of country rock in.the immediate vicinity of
these wcr-kmgs , as mentioned before, are of intensely
metamorphosed

sedimentary rocks (garnetiferous schists

and gneisses and quartz schists) which are intruded by
granitic igneous rocks (pegmatite).

Underground there

are numerous evidences of minor faulting,
Underground

Workings!_

The first 50 feet of the first level adit maybe
regarded as a crosscut but the workings beyond largely
follow graphite "veins".

The wall rocks here exposed

are pegmatite and quartz schists.
the entrance is the Thomps on stope.

Seventy feet from
Here a group o.f

PL.lTE VIII

A.

This illustrates clearly the method of'mining
graphite at the Crystal Graphite Mine.
(1)

The graphite is removed from the vein by
hand scrappers and collected on. sheets of'
canvas.

(2)

The wall is then drilled and b.Last ed ; thus
expos ing the vein again.

The cycle is

repeated.

B.

A

close-up of the graphite "veins" in the Brown

stope.

Note the nearly vertical dip of the vein-

masses and the worked out "kidneys n·.

C.

~ underground picture of'the graphite-bearing
pegmatite.

Shown is a graphite vein in the pegma-

tite and the contact of the intrusive and the
country rock.

D.

The entrance to the adit on the

ntelope Claim.

Above it are prominent outcrops of the Cherry
Creek format ion.

Plate VIII

A.

-E.

D.

C.

~urface and Tffidergroundpictures of the workings of
the Crystal Graphite Mine.

-24graphite veinlets were encountered the widest

or

which

is from two to three inches with several "kidneys

tt

present which were eight inches wide and roughly from
two to three feet long.

The strikes of the veins are

N. 450 E. and dip 600 NW.
In the Brown stope which is accessible by a crosscut from the first level adit the graphite occurrence
is very similar to that of the Thompson stope.

Here,

too, the graphite is in vein-like masses four inches
wide with several large tlkidneysl1. These "kidneys" may
sometimes yield several hundred pounds of graphite apieceo

0

The veins strike N. 650 E. and dip 87

rrw.

In

the graphite found here thin films of iron oxide often
occur along parting planes between the graphite plates.
In the Magee stope, where a graphite vein is ffi own
in cross-section, one of the best exposures now to be
seen in the mine is present.
J

The stope is accessible

by a winze from the first level.

The wall rock here is

altered quartz schists and is traversed by a nearly
vert ical fracture along which graphite has been deposited.
The are body is about a foot wide and consists of an
inegular net-work of graphite veinlets enclosing many
·schist fragments.

The graphite forms about half of the

vein material, and veinlets locally unite to form ira

regular bunches.

The strike of the veins is N. 50

E.

-25and dips are 70

NW.

The King stope is just an ex-

tension of the Magee stope,
As said before these stopes were the only portions
of the mine that were accessible without chancing a
fall of ground.
Mineralogy
The graphite i-scharacteristically

a sub-metallic

steel gray, crystalline to massive, material with a very
high carbon content in the neighborhood of 95%.

The

specific gravity is 2.2;hardnss:£ about 1, and it has a
slick feel such as is oharacteristic

of all graphite.

Often a seemingly pure piece of graphi~e will give a
low assay due to entrapped fragments of ooun t r-y-z-ock
,
Associated minerals are few as the pegmat.ite and
quartz schist in which the graphite is found are made
up essenti~lly of quarta and feldspar.
constitutingthe

The quartz

greater portion o'f the pegmatite, can

be seen to form excellent anhedral crystals, whereas
the quartz schist contains equal portions of feldspar
and quartz.

The quartz is generally clean and glassy.

The feldspar is made up mostly of microcline both
in the schist and in the pegmatite,

The microcline

forms anhedral crystals which are seen only under the
microscope.

Under crossed-nicols the characteristic

"gridiron" or "plaid" structure is seen.

As stated

PLATE

A.

IX

A specimen 'of high grade graphite

clearly its crystalline

structure.

showing
(Taken from

the bottom of the winze near the King stope)
'.

B.

A specimen of graphite-bearing

pegmatite shovnng

graphite ~ith radiating crystals found at the
--"',.y(eat
.end of'tihe Magee stope.

c.

Specimen of crystalline graphite in a garnet~
iferous mica schist.

D.

fA picture showing veinlets of graphite cutting

quartz-feldsplar schist and also some high grade
graphite.

Plate

B.

A.

E.

c.

Photographs

of graphite-bearing

rocks.

IX
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before, the feldspar of the pegmatite is soarcely.
altered whereas kaolinization has replaoed entire
,
crystals in the quartz schists.
disseminations

Of interest are the

of graphite in the schist as well as

the occurrence of crystalline graphite in vein-like
structures.

These disseminations appear in the schist

as thin flakes inter-layered with the other minerals
of the schist.
J?aragensis.
From underground observations it is readily
seem that the graphite veins and veinlets cut the quartz
schist indiscriminately.

From this it, is safe to assun:e

that the deposition of graphite took place after the
formation of the schist.

Further evidence was gathered

from thin-sectio~ study, where fragments of quartz and
feldspar were seen to be enclosed by graphite crystal.s.
In the typical, unaltered pegmatits the quartz and
microcline appears to have crystallized out nearly simultameously, both possessing anhedral crystal-for.ms.
Graphite, where, found, cuts both the quartz and microcline, and forms Lrr-egu.Laz'patches between the crystals
of the rock-forming minerals.

From this evidence it

appears that the graphite is late, and was injected or
deposited

in the pegmatite after (or shortly after-)

.rts solidification.

This p.Laces the order ci:crystal-

PLATE X

A. A thin-section of the graphite-bearing pegmatite
showing coarse crystals of (a) quartz, (b) crystrulline microcline slightly altered, and (c) graphite
crystals.
B.

Crossed nicols, x23.

Photomicrograph of graphite in quartz-feldspar
schist (Magee stope J showing crystals of (a) quartz,
.(b) graphite, and (c).microcliriealtered to koalin.
Crossed·nicols, x23.

C.

Another section of the quartz-feldspar schist with
graphit e present.

(Magee stope)

Crossed nicols,

xti3.
D.

A thin-section of graphitic-feldspar gneiss showing alteration of feldspar to kaolin.

Crossed

nicols, x23.
E.

Another portion of the graphite-bearing pegmatite
showing crystals of (a) graphite, (b) quartz, and
(cl microcline.

F.

Crossed nicols, x23.

Section of the diabase dike showing cryst al. s of
Cal magnetite, (b) augite, and (c) feldspar.
Crossed nicols, x23.

-,
10

r

,~

A.

B.

c.

D.

E.

F.

Pho~omicrographs of graphite-bearing rocks.

-27lization as microcline and quartz, and then graphite.
Origin of the Graphite V@ins
There have been many and varied theories proposed
to account for the origin of graphite veins, but none
have yet proven wholly satisfactory.
knowledg~
theories •.

However, enough

is at hand to rule out certain of,these
The Dillon deposit cannot be classed as

metamorphosed

interbedded coals as the graphite forms

irregular veins systems that cut across the foliation
of the enclosing rocks.

The origin as to lateral

secretion from the wall rock is not feasible because
because of the sharpness of the vein walls.

Any

theory of fissures being filled with asphalt or other
carbonaceous material which was later metamorphosed
into graphite, may be discarded as the veins themselves
are younger.than any igneous intrusive capable of causing any such changes.

The theory as to the formation

of graphite from materials in a magma is supported by
oo,me, but to the knowledge of the writer the constituents
of magma would not warrant such a concentration of carbon
compounds as to bring about such a large deposit of
graphite as seen at the Crystal Graphite mine.
The hypothesis of deposition from some sort of a
solution along fracture-planes
be the most likely theory.

in the rocks appears to

In short, this graphite

-28-

occurs in true rrasur-e-vetne ,

In regard as to the

origin and nature of such solutions and the temperatures
and pr essure under which the graphite was deposit ed from
them, practically nothing is known, and can only be
specula ted on.
are briefly:

The more widely ace epted speculations
(I) subliming of carbon vapors to form

graphi te; (2 ) decomposition of me t eLl.Lc-: carbides to
form graphite;

(3) the yield of graphite on decompo-

sition of hydrocarbons;

(4) the reaction of oxides of

carbon and hydrogen to bring about the formation of
graphite,

The relative merits of'these various views

are discussed in a paper by Mr~ A. N. Winchell

*

to

,

which the reader is referred for further detai~.
!As to the origin of the graphite at the Crystal
Graphite Mine the writer believes that it was brought
about by the intrusion of a pegmatite through limestone •
This line of speculation is along that of number four
in the paragraph above.

The ~gmatite

decomposed the

limestone into lime and various oxides of oarbon which
in t~rn reacted with constituents or the molten intrusive such as hydrogen to give forth carbon which was
deposited as graphite.

It must be remembered that

probably these reactions took place under extremes of
pressure and temperature with the element o~ time in
the p:bture, too.

*

See Bibliography-Second

reference.
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Probable Age of the Deposit
The formation of the graphite deposit appears
to be associated with the introduction of the pegmatite dike with which the grl:phite occurs.

Suf-

ficient information is not on hand to place the age
of the pegmatite or the graphite.

The general ap-

pearance of the pegmatite in thin sections under the
microscop~

suggests"that

it is related to the post-

Cretaceous igneous intrUSive.

The feldspar crystals

show only a very slight alteration and in most cases
appear fresh, whi ch.would point toward a late geologie
age.But this evidence alone is not adequate.
the quartz of the pegmatite does not show
extinction, a characteristio

Also

wavy"

I1

of quartz which has been

subjected to regional metamorphism;

and the feldspar

crystals do not show distortion by folding or metamorphism.
By general appearance it is also possible that
these pegmatites might belong to a series of preCambrian (pre-Beltain) pegmatites which occur widely
scattered in southwestern Montana.

These cut the

pre-Bel t rocks and st op at the contact of Belt sediments in other areas of Montana where pre-Cambrian
rocks are exposed.
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ECONOMIC
The crystalline

CONSIDERATIONS

structure

graphite make it exceptionally
in the oruci ble-making
used in the melting
the production
sea-board

and purity of the'
well suited for use

industry, t.he crucibles be ing

of special steels and alloys for

of 'arms and munitions.

The current

(Eastern coastal pOints like New York City)

price at the time of the writing

of this report is

from l2~ to l5~ per pound of graphite F.O.B., for
graphite

that will stand on a 50 mesh screen.

minus 50 mesh material which is classified

For

as flakes,

and for dust the price is from 8~ to l2~ per pound
F.O.B.

The freight cost of shipping from Dillon to

sea-board
~12.60;

pOints is $16.80 per ton; to Detroit it is

and to Pittsburg

Considerable

and Chicago the rate is $12.20.

graphite was shipped from the Crystal

Graphite Mine during the period of the first World War.
According

to the information

a total production
graphite
17-18.

obtained the property had

at that time of about ,2.200 tons of

about two-thirds

of which was produced

in 1916-

The price of graphite then ranged from 5~ to 18~

per pound.
According

to the operators the property is not in

actual operation

at the present and the work being done

consists most ly of a development
graphite has been marketed.

nature.

However,

some,

About the only expense in-

-31volved in producing the graphite is that of mining and
shipping, since the graphite is separated from the
country-rock by hand during the process of mining, thus
eliminating the cost of milling and concentration.

The

graphite which is sacked for snipping is quite free of
gangue and may range from 75% to 98% carbon.

Matenal

that is too small or too low in grade for hand sorting
"goes over the dump" thus creat ing a st ock-pile which
Will be milled and concentrated in the future when the
proposed mill is erected according to the operators.
At the time of the writer's visit to the mine the
development work had not proceeded far enough to prove
the continued existance of the said deposit below the
old workings, but prospecting already done sh.owsvery
good s~gns that it does.

OTHER ECONOMIC MINERALS
Besides the deposit of graphite in this general
area there is also a deposit of talc about two miles
away in a northwesterly

direction.

The talc is being

mined at the present by the Tri-State Mineral s Compan.y
and is being shipped to Odgen, Utah, for treatment.
It oocurs as a large lenticular body and lies parallel
With the bedding of the limestone member of the Cherry
Creek series.

The body has a strike of N. 70

a dip of 200 to the northwest.

o

E. and

Also three and a half miles southeast

of the

graphite deposit there is found a nickel-bearing
in an ultramafic
Oreek rocks.
deposit

rock

intrusive that has intruded the Cherry

According

to the writer's knowledge

this

is not be ing worked, due 't0 its lowness in grade.

From information
general area deposits

gathered from prospectors

in this

of tungsten may be present.

OONOENTRAT ION OF GRAPHITE-BEA ...
"R ING ROOK
For the writer's
preliminary
teristics

and possibly as a

study of the milling and concentrati ng characof the graphite

experimental
taken.

own information

ore of the Q~ystal Grc:phite Mine,

work in concentration

of the ore was under-

This work was done in the Mineral Dressing Labora-

toriesof

the Montana School of Mines.

An attempt was made to obtain as representative
sample as possible under the prevailing
the Brown, Magee, Thompson,
the various

conditions,

a
from

and King stopes and also from

dumps on the workings.

These, Were mixed to ...

gether to make a product that would represent a fairly
accurate

sample of ore which would .be treated in the

proposed mill.
As the time was limited

and-float

t

only flotation end sink-

fracti onat ion invest igati ons were performed.

The ore was first crushed in a Traylor
Dog Gryratory

and then in a Engelbach

2t

inch Bull

Ooffee Mill crusher

-33to pass a 10 mesh Tyler screen in entirety.

The-

crushed ore was coned and quartered and one qu.arter
taken as a head sample.

1,305 grams of this were

placed in a Ro-Tap machine on a 28 mesh Tyler screen,
and soreened for twenty-five minutes.

This sizing

gave 620 grams of ~28 mesh material and 683 grams of
+28 mesh mater-ial.

Flotat Len Test
Batch flotation tests were conducted in a 600
gram Fagergren

laboratory

flotation cell.

620 gram sample of .2B mesh material

cleaner concentrates,

From the

39.8 grams of

27.5 grams of mi~dlingSt

and

548 grams of tailings were o'fJ,tained.The reagents
used were 0.2 lbs. of pine oil as frother and col~
lector in the roughing operation, 6.1 pound of s6ai~
silicate to disperse the sili~ate minerals in the
first cleaning operation and 0.05 lbs. of pitte oil
in the second oleaner operation.
are expressed

in pounds IBr ton of ore.

This combination
flotation

All reagent qUantities

of reagents effected excellent

of the ore.

Table 1 presents analytical data and recoveries
obtained by flotation of the ore.
Sink-and-Float

Fractionation

Since the graphite has a specific gravity

or

2.2

it would therefore float on a l~quid having a specifio

gravity somewhat higher than this.

On the other hand,

silicate mineral

of quartz, having specific gra!itiea

of approximately

2.6 would sink.

tetrabromide

Therefore

acetylene

(specific gravity of 2.95) diluted to a

specifio gravity of 2.35 was chose~ to' serve as the
heavy liquid.
of aoetylene

To obtain this specific gravity 355 cc.
tetrabromide

was diluted wi th 145 ceo of

benzene having a speoifio gravity of 0.879.
Mioroscopic
obtained
graphite,

examination

showed muoh interlooking
indicating

satisfaotory

between gangue and

that suoh, a process would not be

for concentrating

Table 11 presents
and-float

of the sink product thus

the grep,'hite.

data obtained from the sink-

test.

Both the flotation

concentrates

and the float

on 2.35 specific gravity oontained as a major impurity
a brownish mineral.

-35,.
.

TABLE I
Flotation concentration .of minus 28 mesh fraction
Qf graphite-bearing

Product

rocks .

Assay
per cent

Weight .Weight
grams . %

% of the
Total

I

Cleaner2Conc.

39.8

6.4

67.7

91.47

Middlings

27.5

4.5

5.6

5.32

Tailings

548.0.

0..17

3.21

Comnosite

615.3

4.736

10.0..0.0.

Head Sample

'89.1
10.0..0.

-

-.

3.6

-

['ABLE II
Sink-and-Float

fractionation

of minus 10. plus 28 mesh

fraction of graphite-bearing

Product
Float

Weight
grams
20..1

Sink

652.5

Comnosite

672.6

rocks.

Assay
per cent

Weight

%

41.5

2.99

1.0 .

97.0.1

2.211

100.00

% of the
Total
56.12
43.88
10.0..0.0

I

Head.

-

-

I

3.6

-
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